a b s t r a c t INTRODUCTION: Metastatic liver tumors from primary gastric cancer are rarely resected because of the high rate of metastasis and recurrence of gastric cancer, and there is little information regarding the pathological assessment of these tumors. We present a case of a single metastatic liver tumor from gastric cancer with invasion of the interlobular bile duct for which we achieved margin-free resection with good clinical outcomes. PRESENTATION OF CASE: An 80-year-old patient presented with a tumor in segment V of the liver, with invasion of Glisson's pedicle confirmed on preoperative magnetic resonance and positron emission tomography imaging. On the basis of the preoperative assessment, we proceeded with partial hepatectomy, with transection of one of the roots of Glisson's pedicle performed under echography guidance. Pathological examination confirmed gastric cancer as the primary source of the metastatic tumor. R0 resection was achieved, with no evidence of cancer recurrence at one year after surgery. DISCUSSION: Our experience supports partial hepatectomy with R0 margin tumor resection as an oncologically feasible treatment for metastatic liver tumor arising from primary gastric cancer (in the absence of other metastatic lesions) and shows that a good prognosis can be achieved. Of note, intraoperative echography did not detect tumor invasion of Glisson's pedicle, which was evident only on preoperative imaging. CONCLUSION: This case suggests that magnetic resonance and positron emission tomography imaging findings are important for surgical planning of hepatectomy. Further follow-up data and more cases are needed to completely define the clinical significance of tumor invasion of Glisson's pedicle.
Introduction
In carefully selected patients, a favorable prognosis is possible after resection of metastatic liver tumors arising from primary gastric cancer [1] . Partial (rather than anatomical) resection with an appropriate tumor-free (R0) margin is the basic therapeutic approach for any metastatic liver tumor, with intraoperative echography aiding in visualization of the tumor margins and surrounding vessels [2] . However, surgical resection is rarely indicated for metastatic liver tumors arising from primary gastric cancer because of the high incidence rate of metastasis (locally and within the peritoneal cavity) and high recurrence rate of this type of cancer [3] . Therefore, the clinicopathological features of liver metastases Abbreviations: MR, magnetic resonance; PET, positron emission tomography; TNM, tumor-node-metastasis; CEA, carcinoembryonic antigen; CA, carbohydrate antigen; CT, computed tomography; Gd-EOB-DTPA, gadolinium-ethoxybenzyldiethylenetriamine pentaacetic acid-enhanced; CDX, caudal-type homeobox; CK, cytokeratin.
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from primary gastric cancer and the surgical strategy for treatment remain to be clarified. Herein, we describe our diagnosis and surgical treatment of a patient with metastatic liver tumor from primary gastric cancer in whom magnetic resonance (MR) and positron emission tomography (PET) imaging indicated invasion of Glisson's pedicle. On the basis of these images, we believed that we could achieve tumor resection with an R0 margin. Our case report adheres to the SCARE criteria [4] .
Presentation of case
The patient was an 80-year-old man who had undergone distal gastrectomy for gastric cancer [T3N1M0 per tumor-nodemetastasis (TNM) staging, 7 th classification] and colectomy for transverse colon cancer (T2N0M0 per TNM staging, 7 th classification) four years previously. Eight months after these surgeries, the patient underwent partial hepatectomy for a metastatic liver tumor arising from primary gastric cancer, which was pathologically confirmed. The patient refused to undergo adjuvant chemotherapy. Periodic assessment of tumor marker levels (carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA 19-9)) and enhanced computed tomography (CT) were performed during follow-up. Enhanced CT performed 4 years after the gastric/colon surgeries revealed a new low-intensity mass, 16 mm in diameter, located in segment V of the liver; the location of this lesion was different from that of the lesion identified during the first liver surgery. There was no evidence of other local, peritoneal, or lung metastases. On PET-CT, the mass presented as a hot, linear-like lesion, that almost appeared as two separate lesions (Fig. 1a) . Consistent with enhanced CT examination, PET-CT examination did not reveal evidence of other metastatic lesions. T2-and diffusion-weighted images from gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid-enhanced (Gd-EOB-DTPA) MR imaging revealed a high-intensity mass with invasion of Glisson's pedicle in segment V of the liver (Fig. 1b/c ). The CEA level was elevated, whereas the CA 19-9 level was within the normal range. Considering these clinical data, we suspected a metastatic liver tumor arising from either primary gastric or transverse colon cancer. As imaging studies indicated that liver resection and cholecystectomy could be achieved with no residual tumor, we proceeded with surgical treatment.
Although the mass and Glisson's pedicle in segment V of the liver were visible on intraoperative echography, invasion of Glisson's pedicle, identified on MR imaging and PET examinations, was unclear. Accordingly, following cholecystectomy, we proceeded with partial hepatectomy and transection of the root of Glisson's pedicle in segment V, under intraoperative echography guidance.
On gross appearance, the surgical margin of the tumor was within the cut surface (Fig. 2) . On the basis of the pathological reports of previously resected specimens of gastric and colon cancers, the resected tumor was pathologically similar to gastric cancer (Fig. 3) . Tumor infiltration of Glisson's pedicle, including the interlobular bile duct, was also confirmed on pathological analysis (Fig. 4) . Immunohistochemical staining was negative for caudal-type homeobox (CDX)-2 and cytokeratin (CK)-20 and positive for CK-7; these findings were compatible with those of previous gastric cancer rather than colon cancer (Fig. 5) . Thus, a final diagnosis of metastatic liver tumor from primary gastric cancer was made. One year after surgery, tumor marker (CEA and CA 19-9) levels remained within the normal range, and the patient was alive, with no evidence of recurrence.
Discussion
This is, to our knowledge, the first case report of invasion of Glisson's pedicle by a metastatic liver tumor arising from primary gastric cancer, although cases of intrabiliary metastases from colorectal cancer have been reported [5, 6] . Metachronous liver metastasis arising from gastric cancer, with no other metastatic lesions, is a rare occurrence, and in this case, a good prognosis was obtained. The surgical strategy for the treatment of metastatic liver tumors from primary gastric cancer is controversial, largely because of the overall poor prognosis of gastric cancer. Chemotherapy (using S-1 plus cisplatin) is the standard treatment for metastatic gastric cancer, with a median overall survival of 13 months, according to the results of the SPIRITS trial [7] . The occurrence of only liver metastasis from primary gastric cancer is rare because of the higher prevalence of peritoneal or local metastases and the high rate of gastric cancer recurrence [3] ; thus, surgical resection for metastatic liver tumor from gastric cancer is rarely indicated. However, the findings of a multicenter retrospective analysis indicate a 5-year survival rate of approximately 30% for metastatic liver tumors from gastric cancer with surgical indication [8, 9] . In our case, a single tumor in the liver was detected on PET and (Gd-EOB-DTPA)-MR examinations, with Glisson's pedicle invasion, which was not detected on the enhanced CT examination. Despite the metastatic nature of the tumor, preoperative imaging indicated that R0 resection was possible. Thus, on the basis of the clinical findings, we proceeded with hepatectomy, and the patient remained without cancer recurrence for more than one year after surgery. Moreover, a good prognosis is expected on the basis of the patient's survival to date, which at the time of publication was The epithelium of the metastatic and primary gastric cancer samples was highly positive, and that of the primary colon cancer sample was weakly positive (judged as negative). g)-i) CK-20 levels. The epithelium of the colon cancer sample was diffusely and highly positive, while the epithelium was negative in the metastatic and primary gastric cancer samples. Immunohistochemical findings of the resected specimen were compatible with those of the primary gastric cancer, but not with those of the colon cancer. CDX, caudal-type homeobox; CK, cytokeratin.
42 and 34 months from the initial surgery (concurrent colectomy and gastrectomy) and first liver surgery (first partial hepatectomy), respectively.
Anatomical hepatectomy is the treatment of choice for primary liver tumors and hepatocellular carcinomas, which often infiltrate the portal vein. Partial hepatectomy is typically sufficient for the treatment of metastatic liver tumors; Glisson's pedicle invasion is generally not observed in metastatic liver tumors, particularly small tumors [10] . In our case, as invasion of Glisson's pedicle was suspected on preoperative images, anatomical hepatectomy of segment V (namely, subsegmentectomy) was initially planned. Of note, although invasion of Glisson's pedicle was not observed on intraoperative echography, we proceeded with transection of one of the roots of Glisson's pedicle under intraoperative echography guidance, on the basis of preoperative imaging examinations. Our procedure was classified as partial hepatectomy, rather than anatomical hepatectomy. (Gd-EOB-DTPA)-MR and PET-CT imaging were useful for surgical planning to achieve R0 resection in the current case.
Metastatic cancer cells may migrate with the bile flow to the distal bile duct, and recurrence in the hepatoduodenal ligament, peritoneal dissemination, or lymph node metastasis may occur. The clinical significance of Glisson's pedicle invasion (particularly of the interlobular bile duct) with metastatic gastric tumor is, however, largely unknown because of the rarity of this condition. Considering the absence of recurrence in the remnant liver one year after surgery, including the remnant segment V, partial hepatectomy with R0 resection may be an oncologically acceptable option if invasion of Glisson's pedicle is detected on preoperative imaging. Further postoperative follow-up would clarify the clinical significance of this type of cancer, considering the relatively short-term follow-up (one year from final surgery) in the current case.
Conclusion
We treated a patient with a metastatic liver tumor arising from gastric cancer, with infiltration of Glisson's pedicle, including the interlobular bile duct. (Gd-EOB-DTPA)-MR (T2-and diffusionweighted images) and PET-CT imaging were useful modalities for detecting the invasion of Glisson's pedicle and for surgical planning. Considering the one-year survival of our patient with no cancer recurrence, partial resection with an R0 margin may be appropriate for oncologic treatment of metastatic liver tumors from gastric cancer with Glisson's pedicle invasion in the absence of other metastatic lesions.
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